The purpose of the study was to determine the effect of trenbolone acetate (TBA) on performance, plasma lipid metabolites, and carcass characteristics of growing ram and ewe lambs in two separate experiments. Treatments consisted of 1) a control, no implants, and 2 ) a TBA implant (60 mg of Finaplix@; Hoechst-Roussel Agri-Vet). Twelve Rambouillet cross ram lambs (average 19.9 kg BW; Exp. 1) and 18 Suffolk-Hampshire ewe lambs (average 37.2 kg BW; Exp. 2 ) were given ad libitum access to a 77% foragel23% concentrate diet (15.5% CP and 2.14 Mcal of ME/kg). On d 0, six rams and nine ewes received TBA as an ear implant and six rams and nine ewes were designated as controls. Blood samples were collected via jugular venipuncture on d 0, 28, 56, and 84 and plasma was separated and analyzed for lipid metabolites. Rams (30.5 kg BW) and ewes (50.0 kg BW) were slaughtered after 93 and 91 d, respectively. Average daily gain was not affected by TBA in rams (117 g/d) or ewes (159 g/d). Nutrient intake restricted normal BW gains in the rams. Plasma concentrations of total cholesterol, high-density lipoprotein cholesterol, triglycerides, and nonesterified fatty acids were not affected by TBA in either rams or ewes. Trenbolone acetate had no effect on subcutaneous fat measurements in either rams or ewes. Lamb chops from rams implanted with TBA were less ( P < .04) tender (5.58 vs 4.26 kg/1.27-cm core) than lamb chops from control rams. Additional studies examining growth and carcass composition are needed in ruminants implanted with anabolic steroids and fed high-forage diets.
Introduction
In our consumer-driven economy, livestock producers need to be using a variety of techniques to produce red meat products that meet current human dietary guidelines. Feeding high-forage diets to ruminants (Westerling and Hedrick, 1979; Marmer et al., 1984; Solomon et al., 1986) implanted with anabolic steroids (Beermann, 1989) should be used to produce high-leadow-fat carcasses. Anabolic steroids are known to increase muscle protein accretion J. h i m . Sci. 1993 . 71:2659 -2665 (Buttery and Sinnett-Smith, 1984 Hayden et al., 1992) but little is known about their effects on lipid metabolism. Trenbolone acetate ( TBA) , when compared with the estrogenic compounds, may have a greater effect on carcass composition by stimulating lean tissue deposition and reducing carcass fat (Hancock et al., 1991) . The administration of TBA to growing ruminants fed a high-forage diet may provide the optimal strategy for producing high-leadow-fat carcasses. Females and young intact males may be the most responsive to implantation with TBA (Roche and Quirke, 1986) . Therefore, the objectives of the following two experiments were to determine the effect of TBA on performance, plasma lipid metabolites, and carcass characteristics of 1) sexually immature growing ram lambs and 2 ) growing ewe lambs. , Treatments, and Diet. In Exp. 1, 12 young Rambouillet cross ram lambs that averaged 62 d of age were randomly assigned to the following treatment groups and were group-fed in pens (6.1 m x 4.3 m ) with concrete floors with wood shavings as bedding. At the start of the experiment, the lambs averaged 19.9 kg BW and initial weight was equalized across treatments (Table 2) . Lambs were weighed weekly to calculate ADG. On d 93, lambs were slaughtered according to humane slaughter practices (Consortium, 1988) . In Exp. 2, 18 Hampshire-Suffolk ewe lambs were randomly assigned to the following treatments: 1 ) control and 2) TBA (60 mg administered as an ear implant). On d 0, nine ewe lambs were implanted with TBA (Finaplix@, Hoechst-Roussel Agri-Vet) and nine ewe lambs were designated as controls and received no implant. Ewe lambs were given ad libitum access t o the diet described in Table 1 . A sample of completely mixed diet was taken weekly and was composited and analyzed as described for the ram experiment. Lambs were housed in elevated pens ( 1.5 m x 1.2 m ) with expanded-metal flooring and diets were fed individually once daily to ensure 5 to 10% refusal ( a s fed). At the start of the epxeriment, the lambs averaged 37.2 kg BW and initial weight was equalized across treatments ( (Sigma, 1989a) . Plasma HDL cholesterol was determined by precipitating very-low-density and low-density lipoproteins and cholesterol was determined in the remaining HDL fraction (Sigma, 198913) . Plasma triglycerides were determined enzymatically (Sigma, 1990) . Plasma NEFA were determined by the use of a commercial kit (NEFA-C Kit, Wako Chemicals, Dallas, TX) as described by McCutcheon and Bauman (1986) . Carcass and Yield Characteristics. Carcasses were chilled at 2°C and ribbed between the 12th and 13th ribs at 24 h postmortem. Quality and yield grade factors (USDA, 1992) in addition to longissimus muscle area, fat over the longissimus muscle, body wall fat, and kidney and pelvic fat were determined by USDA Meat Science Research Laboratory personnel. In the ewe experiment, fat color, fat texture, and fat firmness (subjective measurements), were determined on s .~. adipose tissue in the tailhead area. In the ram experiment, S.C. fat in the tailhead area was insufficient to determine fat color, fat texture, and fat firmness.
Materials and Methods

Animals
Shear-Force Measurements. Sections of loin chops from rams (right side-beginning at the 13th rib and approximately 15 cm in length) and sections of rib chops from ewes (left side-beginning at the 12th rib and approximately 15 cm in length) were removed and cut into four 3.2-cm chops, vacuum-packaged, frozen (-20°C) at 5 d postmortem, and stored ( -20°C ) for subsequent shear-force evaluations. Each chop was thawed and cooked (broiled) to an internal temperature of 75°C using Farberware Open-Hearth broilers (Model 350A; Farberware, Bronx, NY). The internal temperature was monitored using iron-constantan thermocouples attached to a recording potentiometer. Chops used for shear-force determinations were allowed to cool to room temperature (25°C) before coring. Four cores (1.27 cm in diameter) were removed from chops parallel to the muscle fiber orientation for shear-force determinations using a Warner-Bratzler shear device mounted on a n Instron Universal Testing Machine (Model 1122; Instron, Canton, MA).
Data Analysis. Data were analyzed by the GLM procedure of SAS ( 19 8 5) to determine the significance of variation between treatments for a completely random design. For performance, plasma lipid metabolite data on d 0, and carcass characteristic data, the statistical model included treatment. For the plasma lipid metabolite data ( d 28, 56, and 841, the statistical model included treatment, lamb (treatment), time, and the treatment x time interaction. Lamb (treatment) was used as the error term for treatment.
Results and Discussion
Nutrient intake and performance data of growing ram and ewe lambs implanted with TBA are presented in Table 2 . For ewes, DMI and ME intake were not different between treatments. Individual feed intakes were not determined for rams; however, calculated individual DMI from group feed intakes were 1,028 and 966 gld for the control and TBA treatments, respectively. These means as well as the calculated ME intakes (2.2 and 2.1 Mcal of ME/d for control and TBA treatments, respectively) do not seem to be different, although the data could not be analyzed statistically (data are not presented in tables). For the rams, the calculated average intake of NE, (.36 McaVd; data are not presented in tables) should support BW gains of a little over a 100 g/d for small mature-weight lambs weighing 25 kg (NRC, 1985) . Protein intake was inadequate for the rams (90% of the requirement; NRC, 1985) . The low feed intakes by the rams may be due to environmental factors. The ram experiment was conducted from midMay to mid-August during which daytime ambient temperatures reached 35 to 38°C a t times during the latter part of the experiment. For the ewes, the calculated average NE, intake of .71 McaVd (data not presented in tables) should be sufficient to support BW gains of 150 to 200 gld for large mature-weight lambs weighing 45 kg (NRC, 1985) . Sinnett-Smith et al. (1983) found no differences in feed intake between ewe lambs that received no implant and those that received an 80-mg TBA implant in which a significant growth response was observed.
In the present study, ADG was not different between treatments for either rams or ewes. For rams, nutrient intake limited normal BW gains and precluded any response to TBA. Nutrient intake was adequate for the ewes, although greater ADG may be obtained by feeding a higher energy diet (NRC, 1985) . For both rams and ewes, ADG predicted from NE, intake (NRC, 1985) agreed very well with the actual ADG. In ewe lambs, Sinnett-Smith et al. (1983) reported a significant increase in weight gain of lambs implanted with 80 mg of TBA, which they attributed in part to a decrease in muscle protein degradation. Similarly, Henricks et al. (1982) reported an increase in growth rate of heifers administered 300 mg of TBA as an ear implant for 62 d. DeHaan et al. (1987) reported a n increase in ADG for ewes treated prenatally with testosterone propionate. In the same experiment, rams treated prenatally with testosterone propionate grew a t similar rates compared with controls. Other endocrine factors may determine whether female animals respond to implants of TBA. Sillence et al. (1987) noted the short-term reduction in plasma cortisol in ewe lambs treated with TBA may be important in the anabolic response to TBA by female animals.
In the present study, rams implanted with TBA tended ( P < ,101 to gain BW faster than the control rams during the first 56 d (87 vs 45 g/d; SEM = 17; data are not presented in tables). Combinations of TBA and estradiol may increase ADG compared with TBA alone (Bartle et al., 1992; Hynd and James, 1987) . Implanting ewe lambs with TBA had no effect on feed efficiency (ADG/ME intake). More growth studies are needed in ruminants implanted with anabolic steroids and fed high-forage diets in which nutrient intake is adequate for normal growth. These studies are needed especially in lambs, because the responses are not as well documented and the variation in the responses is greater than in cattle (Roche and Quirke, 1986) . Currently, zeranol (Ralgro@, Pitman-Moore, Terre Haute, I N ) is the only anabolic agent approved for use in commercial lamb production.
Plasma concentrations of lipid metabolites on d 0 and on d 28,56, and 84 of growing ram and ewe lambs implanted with TBA are presented in Table 3 . For rams on d 0, the concentrations of total cholesterol, HDL cholesterol, triglycerides, and NEFA in plasma averaged 38, 25, and 18 mg/dL and 419 pEq/L, respectively. The high concentration of NEFA in plasma may be a stress response because the ram lambs were weaned 1 wk before the start of the experiment. On d 0, the rams that were selected to be implanted with TBA had significantly ( P < .03) higher plasma concentrations of HDL cholesterol than did the control rams (28 vs 22 mg/dL; SEM = 2 ) . Blood samples were obtained before implanting and no explanation is apparent. For ewes on d 0, the concentrations of total cholesterol, HDL cholesterol, triglycerides, and NEFA in plasma averaged 47, 34, and 15 mg/dL, and 167 pEq/L, respectively.
For both rams and ewes, implanting lambs with TBA had no effect on concentrations of plasma lipid metabolites. Storage of frozen plasma may affect concentrations of plasma lipid metabolites, especially HDL cholesterol. Bachorik et al. (1980) reported that plasma frozen -20°C ) and stored up to 14 d had HDL cholesterol values that were 2 mg/dL higher than fresh samples. In the present study, plasma was stored 5 to 8 mo and 3 to 6 mo before analyses were conducted for rams and ewes, respectively. Galbraith (1980) saw no differences in serum NEFA in growing heifers implanted with 300 mg of TBA in which there was a significant growth response. Similarly, Galbraith and Watson (1978) found no differences in plasma NEFA in growing steers implanted with 300 mg of TBA. In wethers implanted with 60 mg of TBA and 12 mg of estradiol-l7B, Coelho et al. (1986) noted significant reductions in concentrations of plasma NEFA. In the present study, Kahl et al. (1992) found decreases in plasma thyroxine and hepatic 5'-deiodinase activity in both rams and ewes implanted with TBA. The enzyme, 5'-deiodinase, converts thyroxine to 3,5,3'-triiodothyronine ( T3), which is the metabolically active thyroid hormone. Donaldson et al. (1981) also noted a decrease in plasma thyroxine of growing wethers implanted with 140 mg of TBA. This may suggest a decrease in lipid metabolism and(or) turnover of lipid in the lambs implanted with TBA. At physiological concentrations, T3 is involved with lipogenesis in the liver and in cultured epididymal adipocytes of the rat (Blennemann et al., 1992) . Additional studies examining substrate incorporation into fatty acids and activities of lipogenic enzymes in adipose tissue of ruminants implanted with anabolic steroids are needed (Prior et al., 1983) .
For rams, significant time effects were noted for HDL cholesterol ( P < .02) and NEFA ( P < . Table 4 . Slaughter weights, hot carcass weights, and dressing percentages were not affected by the implantation of TBA in either rams or ewes. The low slaughter weights for the ram lambs ( X = 30.5 k g j resulted in low hot carcass limitations in our facilities, we decided to terminate the experiment on d 93. Similarly, implantation with TBA had no effect on S.C. fat measurements or kidney and pelvic fat in both rams and ewes. For rams, the amount of S.C. fat and kidney and pelvic fat was extremely low in comparison to the ewes. This effect was likely due to the low NEg intakes (.36 Mcal/d) by the rams. DeHaan et al. (1987) reported a reduction in 12th rib fat thickness and decreased kidney and pelvic fat in ewes that had been prenatally treated with testosterone propionate. For ewes in the present study, TBA had no effect on fat firmness, fat color, or fat texture. Subcutaneous fat in the ewe carcasses was very firm, white, and dry, which is in agreement with our previous studies in which a similar control diet was fed Lough et al., 1993) .
Implanting lambs with TBA had no effect on longissimus muscle area. When a combination of TBA and estradiol was used, longissimus muscle area was increased in the carcasses of both steers (Apple et al., 1991; Bartle et al., 1992) and wethers (Sulieman et al., 1988) . Therefore, it is likely that a combination of TBA and estradiol are needed to affect carcass characteristics in growing ruminants.
For rams in the present study, shear-force values of lamb chops were significantly ( P < .04) increased by implanting lambs with TBA. Shear-force values are used as an indice of muscle tenderness. Implanting ewe lambs with TBA had no effect on shear-force values of lamb chops. For rams, shear-force values for the controls were lower than those reported by Lough et al. (1991) and similar to those reported by Lough weights X = 13.1 k g ) and low dressing percentages ( X = 42.6). Because the BW gains by the rams were low, the rams would have had to be reimplanted with TBA and fed for an additional period of time to reach a normal slaughter weight. Considering this and the .14 .3 .1 .1 .1 .6 .45 aTBA = trenbolone acetate. bFOE = subcutaneous fat thickness over longissimus muscle at 12-13th rib interface 'BWF = subcutaneous fat thickness of body wall at 12-13th rib interface. d l = very soft; 5 = very firm. el = yellow brown; 5 = white. fl = oily; 5 = dry. gLMA = longissimus muscle area at 12-13th rib interface. hInstron shear-force (peak load), kgi1.27-cm core.
'JMeans within an experiment with different superscripts differ ( P < .04). et al. (1993) . The lamb chops in the ram experiment were from young rams and were relatively tender as determined by Warner-Bratzler shear-force. Differences in tenderness as determined by organoleptic measurements may not be apparent. For ewes, shearforce values were lower than those reported by Lough et al. (1993) . Higher shear-force values of lamb chops from lambs implanted with TBA is undesirable, however, data on the effect of TBA on muscle tenderness are very limited. Hunt et al. (1991) found no differences in Warner-Bratzler shear values of longissimus steaks from bulls and steers treated with TBA (120 mg) or TBA and estradiol (120 mg/24 mg) compared with their respective controls. Also, Apple et al. (1991) found no effect of TBA (140 mg) on Warner-Bratzler shear values of longissimus muscle steaks from Holstein steers.
Implications
Two experiments were conducted to determine the effect of trenbolone acetate ( a synthetic testosterone analog administered as an ear implant) on performance, plasma lipid metabolites, and carcass characteristics of growing ram and ewe lambs. Trenbolone acetate had no effect on any of the previously mentioned traits for either rams or ewes. Nutrient intake restricted body weight gains in the rams. For rams, muscle tenderness was decreased by administering trenbolone acetate. Additional studies examining growth and carcass composition are needed in ruminants implanted with anabolic steroids and fed high-forage diets.
